Urolithiasis refers to formation of stone in the kidney, ureter, or bladder. It is the third most common cause of urinary tract disease. The prevalence of urolithiasis is reported between 2 and 20% globally, with peak incidence in the second and third decade of life. 1, 2 The incidence of urolithiasis increased along with the increasing life expectancy. 3 There are several factors that may be related to the development of urinary stones, such as age, gender, race, genetic, climate, dietary intake, and metabolic changes. 1, 2 Metabolic abnormalities were found in more than 90% of stone patients. 1 Hypercalciuria and hypocitraturia are the most prevalent condition that cause stone disease, although there are also other causes such as hyperuricosuria, hypokalemia, hyperuricemia, hypophosphatemia, and low urine volume. 1, 2, 4, 5 In large epidemiological studies, obesity and type 2 diabetes have been associated with increased risk of nephrolithiasis. 6 Insulin resistance reduces the production and transport of ammonia, resulting in alterations of urine acidification and low urine pH. 7 The changes in urinary constituents, including lower urinary pH, decreased citrate excretion, and uric acid and calcium excretion also has been associated with glucose intolerance, elevated blood pressure, and dyslipidemia. These conditions lead to increased risks of uric acid and calcium stone formation. 6, 8, 9 Urolithiasis as renal manifestations in gout patients usually is due to low urine pH. 10 Several studies have shown association between recurrent uric acid kidney stones and metabolic syndrome. Kidney stones patients with type 2 diabetes have higher prevalence of uric acid kidney stones than other patients with kidney stones. Increased soluble undissociated uric acid will lead to uric acid stone genesis.
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Increased body mass index (BMI) not only associated with kidney stone formation but also associated with stone size. Mechanisms of obesity to affect urolithiasis genesis are still being investigated. A study by Amaro, et al. 1 has shown that metabolic syndrome (including obesity and high blood pressure) patients were at risk of certain stone formation (uric acid and calcium oxalate stones). Significant contribution of high BMI to kidney stone formation were through its influence in lowering urine pH. Obesity not only induces acidic urine, but also increases excretion of uric acid, calcium, and oxalate. 12 Maalouf, et al. 12 have suggested visceral obesity as a factor to disrupt insulin resistance. Insulin resistance will lead to low urine pH. Inadequate ammonium excretion and/or production occurred, if there was reduced insulin bioactivity in the kidney proximal tubule.
Knowing about the association between metabolic abnormalities and type of stone formation is really important, because metabolic factors can be modified to prevent the risk of certain urinary stones. It also can be used to select proper medical and dietary therapies to prevent recurrent stone formation. 2 The aim of the study was to describe theassociations between BMI, uric acid serum, glucose serum, and blood pressure with stone opacity in urinary tract stone patients.
METHODS
We collect data from patients who underwent extra-corporeal shock-wave lithotripsy (ESWL) procedure from January 2008 to December 2013. Inclusion criteria were urinary tract stone disease patients who came to Department of Urology, Cipto Mangunkusumo Hospital to undergo ESWL procedure. Exclusion criteria were patients whose medical record data were not complete. Medical records that contained complete data, i.e. baseline demographic data (age, sex) and physical characteristics (bodyweight, height, and calculated BMI), systolic and diastolic blood pressure, stone size (length and width), uric acid serum level, and random glucose serum level were used. Confidentiality of subject identity was guaranteed.
Blood pressure (BP) (mmHg), which was measured according to the Eighth Joint National Committee (JNC 8) guidelines 13 was noted. BMI that was calculated as weight in kilograms divided by square of height in meters, and radiographic data that showed opacity and size of urinary tract stone were taken from medical record.
WHO expert consultation stated BMI cut off points for determining overweight and obesity in Asian populations: <23 kg/m 2 as normal and >23 kg/m 2 as increased risk. 14 Table 2 . Risk estimation of stone opacity in urinary tract stone patients mmHg and diastolic blood pressure <80 mmHg was defined normal. 13 American College of Rheumatology Guidelines 2012 for Management of Gout defined hyperuricemia as serum uric acid greater than 6.8 mg/dL. 10 American Diabetes Association described hyperglycemia as casual or random plasma glucose ≥200 mg/dL. Casual or random is defined as any time of day without regard to time since last meal. 15 Statistical analyses were carried out using SPSS version 16.0 (SPSS, Chicago, IL, USA). A p-value was calculated by using chi-square test. Chisquare analysis was also used to determine the odds ratio (OR) and 95% confidence interval (CI) of associations between BMI, serum uric acid, serum glucose and blood pressure, with urinary tract stone opacity. A p-value of less than 0.05 was considered statistically significant. Parameters that were considered statistically significant would undergo probability analysis of radiolucent or radioopaque stone formation.
RESULTS
There were 2,889 patients who underwent ESWL procedure from January 2008 through December 2013. We retrospectively analyzed 242 medical records with complete data. The patients mean age was ± 12.78 (48.02 years). Radioopaque stone was found in 77.69% patients and radiolucent stone was found in 22.31% patients. The maleto-female ratio was 2.27:1. Mean BMI was ± 3.78 (29.91 Kg/m 2 ). High risk BMI were found in 161 patients (66.52%). The proportion of radioopaque stones were 77.69% (188 patients). Twenty two patients (9.1%) had normal blood pressure. Patients with high serum uric acid were 34.30 % (83 patients). Table 1 shows the clinical characteristics of patients. Radioopaque stone patients that had high risk hypertension were 171 patients (90.96%), high risk BMI were 125 patients (66.49%), high uric acid serum level were 70 patients (37.23%), and high random glucose serum level were 5 patients (2.66%). Radiolucent stone patients that had high risk hypertension were 49 patients (90.54%), high risk BMI were 36 patients (66.67%), high uric acid serum level were 13 patients (24.07%), and high random glucose serum level were 6 patients (11.11%).
Statistically there was a significant difference between random glucose serum level with stone opacity (p<0.05). Patients with high level of random glucose serum tended to have radiolucent stone (OR = 3.444; 95% CI = 1.006-11.792; p = 0.038; Table 2 ). BMI, uric acid serum, and blood pressure showed no assocation with *statistically significant Medical Journal of Indonesia BMI: body mass index; BP: blood pressure stone opacity. The probability of patient with high random glucose serum towards radioopaque and radiolucent stone formation was 17.97 % and 77.45 % respectively.
DISCUSSION
This study was to describe the associations between metabolic profile with stone opacity in urinary tract stone patients. Examples of radioopaque stones are calcium oxalate dihydrate, calcium oxalate monohydrate and calcium phosphates. Examples of poor radio-opacity stone are magnesium ammonium phosphate, apatite, and cystine, while examples of radiolucent stone are uric acid ammonium urate xanthine and 2,8-dihydroxyadenine. 16 Our study showed that males had a two times higher incidence of stone formation compared to females, indicating that urolithiasis formation might be influenced by sex hormones. A study by Naghii, et al 18 has concluded that there were an association between high plasma androgen concentration and incidence of renal calculi. They proposed gonadal steroids role in male idiopathic urolithiasis formation. 17 Some animal studies had shown that testosterone enhanced excretion of urinary oxalate and increases evolution of calcium oxalate stone. 18 Moreover, glycolic acid oxidase (GAO) level in the liver is induced by testosterone. Higher testosterone serum level will lead to increased GAO synthesis. 19 Higher GAO hepatic level will cause hyperoxaluria condition, resulting in raised formation of calcium oxalate. 19, 20 This mechanism increases the likelihood of urinary stone genesis by reducing expression of renal osteopontin and promoting excretion of urinary oxalate. 21 Shakhssalim, et al 23 have proposed the likelihood of testosterone influence in renal calculi formation. The results of their study, although stated that there was no statistical difference between male active renal calcium stone formers and control groups, testosterone serum level influenced higher excretion of urinary uric acid and urinary oxalate. 22 On the other hand, low estrogen serum level in post menopausal women counterfeit the hormonal status in men. Urinary calcium level and calcium oxalate saturation are higher in menopausal women compared to premenopausal women. A study by Kato, et al 23 had shown that lower citrate and higher calcium excretion were found in menopausal women. This condition will lead to calcium stone formation. Estradiol has protective effect in premenopausal women compared with menopausal women in reducing urolithiasis development. 21 A study by Cho, et al 2 showed that metabolic syndrome was associated with a significantly increased risk of uric acid calculi development, especially in those with impaired fasting glucose. The opacity of uric acid stone will be radiolucent. In this study, random glucose serum level showed statistically significant association with opacity of stone formation. Therefore, the result of our study was well in line with the earlier study by Cho, et al 2 moreover, a study by Letendre, et al 24 stated that uric acid stone and hyperuricemia usually associated with high glucose serum level. 23 Metabolic syndrome is associated with several systemic disorders. Hyperglycemia that happens in diabetes patients can disrupt urinary chemistry that exerts its effect on stone formation. 23 Insulin resistance, which is happened in patients with type 2 diabetes mellitus, reduces amonia production. Decrease amount of ammonia would result in urine pH and acidity. Insulin resistance can be influenced not only by hyperglicemia but also by hyperuricemia condition. 7 In this study, the probability of patient with high random glucose serum towards radioopaque and radiolucent stone formation was 17.97% and 77.45% respectively. People with impaired glucose metabolism often have radiolucent stone. Impaired glucose metabolism can disrupt another metabolism. Sometimes people with imbalance glucose metabolism will have blood pressure problem and also uric acid metabolism disorder. 7 Insulin resistance usually occurs concomitantly with increased level of serum uric acid. Increased re-absorption of renal urate and decreased rate of renal urate excretion can occur with elevated level of insulin. Raising hexose monophospate shunt activity, which is associated with hyperinsulinemia can lead to increased purine production. Thus, uric acid serum and insulin have interplay effect. Both of them can affect each other. Recent studies showed that pathogenesis of metabolic syndrome were influenced by uric acid serum due to endothelial dysfunction.
Although several studies showed that BMI, hypertension, and uric acid serum were associated with composition of stone formation 2, 24, 26 our study showed no statistically significant associations.
Hypertension can be induced by uric acid by decreased nitric oxide. While urate reaches the vascular smooth muscle, it will promote cellular proliferation, followed by renal microvascular disease progression. Further, reduced number of nitric oxide will lead to renin-angiotensin system (RAS) activation that will lead to proliferation of smooth muscle cells and formation of various inflammatory mediators. Decrease amount of nitric oxide and RAS activation will procede to endothelial dysfunction. This condition will cause vasoconstriction in kidneys. 27 Several studies proposed theory that in the beginning uric acid will initiate hypertension. As time goes by, uric acid serum will have a role in salt-sensitive hypertensive condition rather than direct effect in vascular dysfunction. 28 Strohmaier, et al 7 have concluded that uric acid serum level significantly correlate with uric acid stone formation. Moreover, Skolarikos, et al 29 have proposed that patients with radiolucent stones (uric acid and ammonium urate) may have high level of uric acid serum. However, there is weak evidence in association between radiolucent stones and hyperuricemia. 31 A study by Jeong, et al 33 concluded that increased uric acid excretions were not only associated with uric acid stone formation but also calcium oxalate stone formation. Calcium oxalate stone is formed by salting-out mechanism in a hyperuricosuria condition. Lower urine pH will cause reduced formation of calcium phospate crystals, which happen in the rising formation of calcium oxalate stones. 30 Several metabolic parameters were not analyzed in our study due to lack of data. Clinicians often provide care to urolithiasis patients with numerous co-morbidities, but not all of metabolic parameters were checked. European Association of Urology (EAU) Guidelines 2014 on Urolithiasis did not include metabolic syndrome parameters work-up (HDL cholesterol & triglycerides). 16 EAU Guidelines 2014 on Urolithiasis suggest several ways to evaluate and treat urolithiasis patient. Each stone type has its specific work-up to prevent stone recurrence. 29 Our study showed that there was no significant association between hyperuricemia with radiolucent stone formation. We assumed that a bigger sample size should be obtained to get a more significant result. A further study with longer time needs to be done to confirm the results of our study.
In conclusion, there is an association between random glucose serum level with stone opacity in urinary tract stone patients. Patients with high level of random glucose serum tend to have radiolucent stone. Whereas, patients with normal level of random glucose serum tend to have radioopaque stone.
